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ABSTRACT 
 
Background: While the inoculation of soil with beneficial fungi Trichoderma spp. have been shown to benefit crops through bio-

stimulant and bio-pesticide effects, comparatively few studies have been conducted to investigate its effects on the globally important 

crop: rice (Oryza sativa L.) grown in acidic clay soils characteristic of many rice-growing regions such as Cambodia, where very low 
pH is a major impediment to nutrient uptake. Also, previous studies using Trichoderma application have also been conducted on 

simplified, sterilized or artificial growth media. Objective: This study aimed to investigate (a) the possible bio-stimulant effects of 

Trichoderma for rice; grown in (b) realistic, strongly acidic soil conditions. In a glasshouse environment, rice (YRM70 variety) was 
grown in 80 pots containing strongly acidic clay loam soil where 40 experimental pots were inoculated with a blend of Trichoderma 

harzianum, Trichoderma lignorum, and Trichoderma koningii. Root mass, root length, total biomass, number of tillers, stem height, 

stem weight, number of expanded leaves, and chlorophyll content were measured from seedling of Zadoks’ code GS12 to early tillering 
stage (GS14, 22). Results: At the seedling stage(GS12), one- way ANOVA found no significant differences between control and 

treatment group for plant parameters. However, at the early tillering stage (GS14, 22), significantly high fresh weight of total biomass, 

root mass, leaf weight, and chlorophyll content were found for the Trichoderma treated samples. Conclusion: Trichoderma application 
has significant positive biostimulant effects on crop performance of rice enabling higher nutrient uptake levels, even under harsh soil 

pH conditions. 
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INTRODUCTION 

 

With global population projected to reach 9 Billion by 2050 [35], increased food production to feed 

growing populations will rely on agricultural intensification, rather than expansion [17]. Rice is a staple crop 

that feeds more than half of the world’s population, and is essential to the daily nutritional intake of populations 

in Asia [9] and its availability is critical in economically less-developed countries such as Cambodia. 

Furthermore, small-scale farmers in countries such as Cambodia have limited cash resources to purchase 

inorganic fertilizers and other agricultural chemicals (e.g. lime) to improve crop responses on soils that are 

typically of light-textured (sandy), acidic, of low fertility and prone to leaching, while high uncertainty and 

unrealistic recommendations persist to guide application of manure as a source of nutrients [1]. On the other 

hand, overapplication of nitrogenous fertilizers leads to deleterious local effects on soils (e.g. acidification) that 

compound regional and global impacts on human health and climate through increased reactive nitrogen 

emissions [25]. 

http://creativecommons.org/licenses/by/4.0/


43 

2. Trichoderma spp. application for sustainable and effective crop production: 

One of the prime alternatives for reducing dependence on agricultural chemicals to improve crop health and 

productivity is the beneficial soil fungi of the Trichoderma genus (Family: Hypocreaceae). Trichoderma spp. 

are green-spored ascomycetes fungi that are ubiquitous in rhizosphere environments [28] and in suitable 

conditions, can outcompete other fungi that may be pathogenic to crops. Key mechanisms include high 

reproductive capacity, survival rate in unfavorable conditions, effectiveness in nutrient utilization, ability to 

alter the rhizosphere environment, virulence against invasive, pathogenic fungi, and ability to stimulate plant 

growth and defense mechanisms [20,14,12]. Hence, Trichoderma spp. are important biostimulants [6]. 

However, Trichoderma activity is observed to be more efficient in acidic than alkaline soils [2]. Several 

Trichoderma species are capable in suppressing plant pathogenic fungi including damping-off causes by 

Rhizoctonia [19], root crown rot by Fusarium [32,33], and root rot by Pythium [22] and antagonising bacteria 

[21]. Similarly, Zaidi et al. [38] reported that Trichoderma spp. are capable of inducing plant tolerances of 

abiotic stresses such as soil salinity and sodicity, flood, drought and heat. Nevertheless, antagonistic 

interactions with other beneficial soil microorganisms have also been reported, and further study on these 

processes in the complex rhizosphere environment is needed [11]. 

While the application of Trichoderma spp. has been found to benefit a range of crops such as chickpea 

[29,34], tomato, cucumber [13] and wheat [3], more studies are needed on their effects on rice (Oryza sativa L), 

because of its importance as a primary food source and distinctive cultivation (frequently waterlogged) 

conditions. Indeed, while Etesami and Alikhani [8] found that co-inoculation of rhizosphere bacteria 

Pseudomonas putida REN5 and endophytic bacteria Pseudomonas fluorescens REN1 enabled up to 25% 

reduction of N-fertilizer use to achieve the equivalent rice plant productivity, it is also possible that inoculation 

of rice with Trichoderma spp. could support similar outcomes.  Previous studies conducted on rice have 

included the examination of Trichoderma harzianum as a bio-stimulant in drought condition [31] where a 

positive effect on rice growth on autoclaved silty clay loam soil has been found. Furthermore, Pandey et al. [24] 

showed that 30 g L
-1

 dose of Trichoderma spp. was the most suitable level of application to induce drought 

tolerance in rice. Similarly, Doni et al. [4] studied the physiological and growth responses of rice in the presence 

of Trichoderma spp. on autoclaved soil, and found improved rice physiological development including 

transpiration rate, water use efficiency, carbon dioxide concentration and net photosynthetic rate. Recently, Doni 

et al. [5] through a glasshouse experiment found that rice plants inoculated with a local isolate Trichoderma 

asprellum SL2 had significantly higher plant height, root length, wet weight, leaf number and biomass.  

 

3. Project objectives: 

Despite a gradual increase in the number of studies investigating the impacts of Trichoderma spp. on rice, 

no previous study has been undertaken to evaluate the effectiveness of such inoculation on rice crop health and 

improvement in more realistic soil conditions where a multitude of interactions in the rhizosphere occur, rather 

than sterilized soil that enable the easy proliferation of this beneficial fungi. Therefore, the objective of the 

present study was to evaluate the biostimulant effects of Trichoderma spp. on rice grown under ―difficult‖ but 

typical (acidic, clayey, waterlogged) rice-growing soil conditions. 

 

MATERIALS AND METHODS 

 

4.1. Experimental setup: 

To address the research objectives, a pot-trial was conducted at the University of Melbourne’s Glasshouse 

(Parkville campus). A commercial blend of Trichoderma harzianum, Trichoderma lignorum, and Trichoderma 

koningii ―Tricho-Shield‖ [37] was used to concoct a slurry (5 g Tricho-Shield to 1 L tap water). Rice seed 

(YRM 70 variety: semi-dwarf, medium-grain and cold-tolerant) [5] was first exposed to the high temperature 

40-42 °C for 1-2 days and air-dried to break the seed-dormancy and ensure higher germination and seedling 

establishment rates after having been in storage for a long time [23,27]. They were then inoculated by soaking in 

the Tricho-Shield slurry for 48 hours prior to direct-seeding into soil-filled pots (diameter: 26.5 cm, height: 23.0 

cm); control seeds were germinated in tap water. 80 pots (40 experimental, 40 control) in a complete 

randomized design were filled with a clay-loam soil of pHca 4.1. (strongly acidic) which was harvested from the 

Melbourne Polytechnic site at Yan Yean campus Lat: 37.55 °S, 145.11 °E, and then homogenized prior to 

potting. Table 1 details the experimental soil physical and chemical characteristics. 

 
Table 1: Physical and chemical characteristics of experimental soil. 

Soil Colour  Grey 

Soil Texture  Clay Loam 

Silt % 35 

Clay % 16 

Sand (Coarse) % 3 

Sand (Fine) % 46 



44 

pH (1:5 Water)  4.8 

pH (1:5 CaCl2)  4.1 

Elect. Conductivity dS/m 0.14 

Elec. Cond. (Sat. Ext.) dS/m 1.1 

Organic Carbon (OC) % 3.4 

Cation Exch. Cap. Meq/100g 10.8 

Sodium % of Cations (ESP) % 1.9 

Calcium (Amm-acet.) Meq/100g 4.8 

Potassium (Amm-acet.) Meq/100g 0.47 

Magnesium (Amm-acet.) Meq/100g 4.3 

Sodium (Amm-acet.) Meq/100g 0.21 

Aluminium (KCl) Meq/100g 0.99 

Calcium/Magnesium Ratio  1.1 

Aluminium Saturation % 9.2 

Chloride mg/kg 33 

Nitrate Nitrogen (NO3) mg/kg 33 

Ammonium Nitrogen (KCl) mg/kg 8.3 

Phosphorus (Colwell) mg/kg 32 

Phosphorus Buffer Index (PBI-Col) 150 

Available Potassium mg/kg 180 

Copper (DTPA) mg/kg 0.66 

Iron (DTPA) mg/kg 430 

Manganese (DTPA) mg/kg 8.1 

Zinc (DTPA) mg/kg 9.1 

Sulfate Sulfur (KCl40) mg/kg 7.4 

Aluminium (KCl) mg/kg 89 

 

Following the New South Wales Department of Primary Industries (NSW DPI) rice production guide 

(2016), urea application was split between an initial 90 mg per pot, and a further 60 mg at the panicle initiation 

stage. 2 mg superphosphate per pot was also incorporated when filling the pots. Each pot hosted 10 germinated 

individuals. These were then later thinned down to the three most healthy individuals to avoid any adverse 

impacts of intra-pot competition for nutrients. flooded with depth of 0.5 cm to create a puddle layer which 

prevent weed seed from germination [27]. 

 

4.2. Sampling, measurement and analysis: 

Individuals were sampled at the seedling stage (Zadoks’ code GS12) and then at the early tillering stage 

(GS14, 22). Parameters measured were: Root mass (mg), root length (cm), total biomass (mg), number of tillers, 

stem height (cm), stem weight (mg), number of expanded leaves, and chlorophyll content (SPAD units). 

Each sampled plant was first cleaned by manually removing any large chunks of soil attached to the roots 

and then rinsing in water. excess water was blotted using laboratory paper towels. After cleaning, the plant was 

truncated into root, stem and leaves components, and then weighed using a laboratory precision balance 

(Pioneer OHAUS). Length of plant parts were determined in cm using a stainless-steel ruler with 1 mm 

precision. Plant parts were then packed separately and oven dried at 70 °C for 48 hours to remove the remaining 

water, and then re-weighed.  

Chlorophyll content was measured using a Portable Konica Minolta Chlorophyll Meter (SPAD-502 Plus) 

on unharvested individuals. Readings were taken in triplicate from the youngest fully expanded leaf at (i) midrib 

of fully-unfolded leaf blade; and (ii) midpoint between the leaf tip and base, and then averaged [10]. SPAD 

readings were then translated into nominal Leaf Nitrogen Content using the equation developed by Wang et al. 

[36] for rice. Estimated LNC were then evaluated with reference to nutrient ratings described in Reuter and 

Robinson’s [26]. 

All data was collated and prepared in Microsoft Excel. Statistical analyses were done using Minitab 17 

whereby one-way ANOVA was used to determine if significant differences existed between the control and 

experimental group means for the various measured parameters. Fisher’s LS.D. post-hoc test was conducted to 

confirm any identified significant differences in means. 

 

5. Main findings: 

No significant differences in the means for all parameters were found at the seedling stage (GS12). 

However, significant differences in fresh weight of total biomass, root mass, leaf weight, and chlorophyll 

content in the early tillering stage GS14, 22. 
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5.1. Results for seedling stage GS12: 

As seen from Table 2, although no statistically significant differences between the experimental and control 

groups were found, the experimental group had higher mean total biomass, root mass, root length and number of 

leaves compared to the control group. 

 
Table 2: Effect of Trichoderma inoculation on fresh weight at seedling stage GS12, mean of total biomass, stem, root, leaf, root length, 

stem height, and number of leaves. 

Group Total 
biomass (mg) 

Root (mg) Stem (mg) Leaf (mg) Root 
length (cm) 

Stem 
height (cm) 

Number of 
leaves 

Control 128.20 A 42.20 A 31.67 A 62.70 A 5.04 A 3.67 A 3.44 A 

Experimental 136.60 A 47.22 A 27.78 A 53.22 A 5.98 A 3. 61 A 3.67 A 

Data are mean of 2 replicates. Means followed by the same letter in the same column are not significantly different (LS.D. & p > 0.05) 
 

5.2. Results for early tillering stage GS14, 22: 

In contrast to the seedling stage, we found statistically significant differences for root and leaf weight and 

total biomass; and chlorophyll content at the 95% confidence interval (see Table 3). Although not statistically 

significant, stem weight, root length and number of leaves was higher for the Trichoderma treated experimental 

group than the untreated control group.  

 
Table 3: Effect of Trichoderma on fresh weight at early tillering stage (GS14, 22), mean of total biomass, stem, root, leaf, root length, stem 

height, number of leaves, and chlorophyll content. 

Sample Total biomass 
(mg) 

Root (mg) Stem (mg) Leaf (mg) Root length (cm) Stem height 
(cm) 

Number of 
leaves 

Chloro- phyll 
content 

Control 304.6 A 98.7 A 85.1 A 121 A 5.44 A 5.94 A 5.00 A 20.60 A 

Treatment 504.6 B 145 B 147 A 213 B 6.61 A 6.39 A 5.67 A 27.06 B 

Data are mean of 2 replicates. Means followed by different letters in the same column are significantly different (LS.D. & p < 0.05) 
 

For total biomass fresh weight, one-way ANOVA found a significant effect of Trichoderma treatment at the 

p < 0.05 level [F (1,16) = 8.15, p = 0.011]. Post hoc comparison using the LSD test confirmed that the mean 

score for the experimental group (M=504.6, S.D.=173.5) was significantly higher than the control group (M = 

304.6, S.D. = 118.5). 

For root fresh weight, one-way ANOVA found a significant effect of Trichoderma treatment at the p < 0.05 

level [F (1,16) = 4.81, p = 0.043]. Post hoc comparison using the LS.D. test confirmed that the mean score for 

the experimental group (M=145, S.D.=52.8) was significantly higher than the control group (M = 98.7, S.D. = 

35). 

For leaf fresh weight, one-way ANOVA found a significant effect of Trichoderma treatment at the p < 0.05 

level [F (1,16) = 11.38, p = 0.004]. Post hoc comparison using the LS.D. test indicated that the mean score for 

experimental group (M = 213, S.D.=68.1) was significantly higher than control group (M = 120.8, S.D.=45.7). 

For chlorophyll content (measured in SPAD units), one-way ANOVA found a significant effect of 

Trichoderma treatment at the p < 0.05 level [F (1,108) = 30.12, p < 0.001]. Post hoc comparison using the LS.D. 

test indicated that the mean score for treatment group (M=27.06, S.D.=6.49) was significantly higher than the 

control group (M=20.6, S.D.=5.73). 

Leaf nitrogen content (LNC) (g kg
-1

) was estimated on a nominal basis using the linear regression equation 

by Wang et al. (2014): 

1.4x - 11.22, where x is the reading in SPAD units 

Hence, experimental group had mean estimated LNC of 27.06 g kg
-1 

(2.71%) while the control group’s 

mean estimated LNC was 17.6 g kg
-1 

(1.76%). This was interpreted that experimental group had LNC levels in 

the ―slight deficiency to adequate‖ range, while control group was in the ―deficient to marginal range‖ according 

to Reuter and Robinson’s [26]. 

 

Discussion: 

One of the reasons for the lack of any significant differences between the experimental and control groups 

at the seedling stage is that the individuals were rather fresh from the germination stage and did not rely heavily 

on the soil for the supply of nutrients; and that the Trichoderma spp. colonies had yet to be established. 

Furthermore, the lightly flooded, semi-anaerobic condition with strongly acidic soil conditions may have 

hindered rapid initial establishment, adaptation and multiplication, in addition to the need for the fungi to 

colonize the as-yet underdeveloped root systems. For instance, Singh et al. [30] found that pH values between 

5.5 and 7.5 were the optimal range for rapid growth of Trichoderma. Nevertheless, slightly higher measures for 

the experimental group in terms of root length, weight and leaf numbers hint at possibly nascent effects of the 

Trichoderma inoculation in heightening root development and health, and potential photosynthetic activity at 

this early growth stage. 

However, we started to see some clear positive effects at the early tillering stages due to Trichoderma 

application for total biomass, root mass, leaf weight, and chlorophyll content (and by extension, LNC) of the 
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experimental rice plants (Table 3), compared to the control plants. It is likely that Trichoderma facilitated 

improved root extension and nutrient uptake for increased leaf growth and chlorophyll production for greater 

photosynthetic activity; these are then devoted to further leaf and root development giving a positive feedback 

effect. Stem height and weight were not significantly different as this anatomical part was not essential to 

biomass accumulation and nutrient uptake at this growth stage, in the absence of any competition for light and 

space; and stem elongation or girth is not an essential aspect of plant response to the improved rhizosphere 

environment. 

These findings are comparable to recent work bv Doni et al. [5] who found significantly increased biomass, 

number of leaves, wet weight, plant height, and root length. Through this study, we have contributed to the 

small but growing body of evidence that Trichoderma spp. application has a positive effect on rice growth. 

Furthermore, we have demonstrated that with the aid of Trichoderma spp. in the rhizosphere, rice plants are able 

to better deal with strongly acidic clay loam soils, even in slightly flooded conditions typical of lowland rice 

cultivation. 

Trichoderma are well-known for their ability to induce plant responses to abiotic stressors. In this case, it is 

likely that Trichoderma induced the production and concentration of Indole-3-acetic acid (IAA), or Auxin; 

which promote plant cell division, extension, root development, and are particularly important in mediating 

plant growth processes at the vegetative stage, stimulating the rice plant growth even in this strongly acidic clay 

loam soil [12,20]. Trichoderma has proven to be viable even under harsh soil environments and are thus suitable 

for use even under marginal growing conditions; for example, Kredics et al. [18] showed that T. harzianum and 

T. viride were still able to function to antagonize plant pathogenic fungi in soils contaminated by heavy metals. 

Under heavy metal stressed condition on are still capable to grow its mycelial [18]. Furthermore, Kacprzak et al. 

(2014) reported that Trichoderma had the ability to ameliorate soil contaminated with heavy metals (Cd, Cr, Cu, 

Zn, and Ni) by increasing plant uptake of heavy metal ions for sequestration. 

 

Conclusion: 

This study evaluated the effectiveness of applying Trichoderma (harzianum, lignorum and konigii) to 

improve rice plant (Oryza sativa L.) performance under harsh (strongly acidic, waterlogged, clay loam texture) 

soil conditions, through a glasshouse pot trial. We found that Trichoderma application improved rice plants’ 

total biomass, root mass, leaf weight, and chlorophyll content of the experimental group compared to the control 

group, evident even at the early tillering stage (GS14, 22). These are likely to translate into higher plant 

productivity and yield as the crop matures. By simple inoculation of rice seeds with this Trichoderma mix, 

farmers could potentially reduce their financial exposure to the cost of agricultural chemicals such as lime (to 

deal with acidic soils) and fertilizers, but still maintain their crop health and productivity, while maintaining soil 

health and reduce environmental impacts. 

For the use of Trichoderma spp. inoculation to be adopted for widespread use, more studies in this area 

need to be conducted, including economic cost-benefit analysis which we believe to be viable, field trials to 

examine crop performance in complex real-world growing conditions, further controlled glasshouse pot trials, 

modelling of crop responses to different edaphic and climatic conditions, and collaborating with farmers to trial 

the use of these Plant Growth Promoting Fungi (PGPF) in lieu of agrochemical use and determine large-scale 

feasibility.  
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